Group A, B, and C rotaviruses were identified in 9% (96/1,048) of pig fecal specimens submitted to the Iowa State University Veterinary Diagnostic Laboratory during 1987 and 1988. Six of the rotaviruses were group B, 5 were group C, and the remaining 89% were group A. Of the rotavirus cases with more than 1 serotype, 5 were multiple group A serotypes, 1 involved a group A and B serotype, and 1 included 2 group C serotypes. A retrospective epidemiologic evaluation of pig diarrhea in herds of origin was done using data obtained from the accession records of the rotavirus and 88 matched nonrotavirus pig diarrhea control cases. Herds from which rotavirus cases were derived experienced lower morbidity, mortality, and case fatality rates than matched control herds. The incidence of diarrhea decreased rapidly among all pigs from birth to 3 weeks of age. The peak incidence for piglet diarrhea occurred in February, and a moderate rise occurred in August-September. Definitive evidence for transmissible gastroenteritis virus was found in 12% of nonrotavirus cases but none of the rotavirus cases in which it was sought. Other pathogenic microorganisms were identified less frequently and inconsistently.
Since the discovery of a rotavirus as a cause of diarrhea in calves in 1969, 20 rotaviruses have been recognized as agents in diarrheic disease of swine, 1, [4] [5] [6] 17, 19, 23, 26, 27 other animals, 20,21,30 and humans. 3 Rotaviruses are ubiquitous, 41 and infection is widespread in pigs 4, 39, 41 In pigs and some other species, a very high incidence of infection may not be unusual. 41 Most rotavirus infections are subclinical in conventionally reared pigs, l1,13,23,41,42 and rotaviruses may be detected in apparently healthy pigs. 10, 13, 23, 32, 41, 42 Virulence of rotavirus may be affected among other things by virus strain and dose, age of the pig, host environmental and nutritional factors, and concurrent infections. Nursing and weanling pigs experience the greatest morbidity and mortality from rotavirus infections 4, 23, 35, 41 Observed interherd and interlitter rate variations may be the result of colostral antibody differences and the influences of other host, environmental, and agent factors. 40 For example, colostral antibodies have an important protective role for newborn piglets, but colostrum is neither uniformly ingested nor of consistent protective value. 1 Likewise, the virulence of rotaviruses may be different, 43 and few field strains resemble prototype strains in RNA electropherotypes 15 Rotavirus infection has also been shown to induce villous atrophy and disease in gnotobiotic 4, [8] [9] [10] [17] [18] [19] 31, [36] [37] [38] and colostrum-deprived 10, 17, 19 neonatal pigs.
The following report is the result of a retrospective epidemiological investigation. The objective of the study was to obtain an Iowa swine population perspective of rotavirus infection and the role of the virus in diarrheic disease as compared with other agents reported in the herds. The collaborative project utilized information obtained from specimens and the accompanying herd histories of representative cases of pig diarrhea that were submitted to the Iowa State University Veterinary Diagnostic Laboratory (VDL) during 1987 and 1988.
Materials and methods
Data from suspect gastroenteritis cases submitted by veterinarians to the Iowa State University Veterinary Diagnostic Laboratory from Iowa commercial pig herds were evaluated epidemiologically.
Study samples. Two sample populations, 1987 and 1988, were derived from the population of suspect gastroenteritis cases submitted by veterinarians for diagnostic examination during these years.
The rotavirus case population for each year contained the rotavirus cases that were positive by electrophoretic analysis of fecal samples. The nonrotavirus control cases for each year consisted of matched cases that were selected by taking the electropherotypically negative case nearest each rotavirus case, numerically up or down, in the sequentially ordered laboratory log book. The number of control cases does not match the number of rotavirus cases because during evaluation some of the selected control cases were discovered to be unacceptable, usually because of inadequate data. Matching control cases to the chronologically ordered rotavirus cases precluded construction of an independent, nonbiased control case population incidence curve (epidemic curve). As a remedy, a separate random sample of 78 rotavirus-negative cases was selected from the nonrotavirus gastroenteritis case submissions. Selection of this representative sample was accomplished by a once-through identification of case numbers in the laboratory log book of swine diarrhea accessions using random numbers drawn from a table of random digits. 29 Only the dates of submission were abstracted from these case records. The dates from this sample were used to construct a random control population epidemic curve to compare with the time plot of the rotavirus cases.
Specimens and diagnostic tests. The test materials for pig diarrhea cases were usually feces and intestines derived from live and dead diarrheic pigs. Fecal specimens were tested for rotaviruses using a commercial rotavirus enzyme-linked immunosorbent assay (ELISA) a and electrophoretic analysis. Electropherotype testing of fecal samples for rotaviruses was performed as described previously 22 using a discontinuous polyacrylamide gel technique, 16 and gels were stained with silver. 14 Electropherotype-positive samples were identified by serotype and group on the basis of their distinctive electropherotype pattems. 23, 24 The direct fluorescent antibody test was used for identification of transmissible gastroenteritis (TGE) virus. Coccidia and pathological tissue changes were ascertained by examination of conventional hematoxylin and eosin-stained histological sections of intestinal tissue. Standard bacteriological diagnostic examinations were conducted to identify pathogens.
Epidemiological data. Clinical signs, age, herd size, number sick in herd, number dead in herd, and vaccination history data were obtained from the VDL case records as provided by the referring veterinarians at the time of submission. Rotavirus, TGE, and other microbiological and serologic test data on these cases were available from the VDL case records.
Results
Laboratory and epidemiological data for 96 electropherotypically identified rotavirus cases and 88 electropherotypically negative matched control cases were obtained from the 1,048 sample population case records of acute gastroenteric disease of pigs that were examined by the VDL during 1987 and 1988.
Agents. The 96 rotavirus cases were 9% (96/1,048) of the porcine enteric disease cases evaluated in the 2 years covered by the study: 10% (69/688) of the 1987 submissions and 8% (27/360) of the 1988 submissions. Eighty-nine percent (85/96) of rotavirus cases were group A, 6% (6/96) were group B, and 5% (5/96) were group C infections. Among these 96 cases, 7% involved infection by more than 1 rotavirus type; 5 were multiple group A serotype infections, 1 case included a group A and group B serotype, and 1 case involved 2 group C serotypes. The single mixed rotavirus group A/B case is included with the group A cases for epidemiological simplicity. The case can be counted once only and would not have been detected serologically except as a group A infection.
The ELISA test detected 80% (68/85) of the electropherotypically identified rotavirus group A cases. Because group B and C rotaviruses were identifiable only by electropherotype testing, in this investigation 29% (28/96) of the known rotavirus cases would have been missed by ELISA.
Coccidia and TGE virus, frequently associated with neonatal pig diarrhea, were identified in some cases during this investigation. Both agents were detected only in young pigs: coccidia between 5 and 21 days of age and TGE from birth to 28 days of age. Coccidia were identified predominantly in the control cases (9 confirmed, 7 suspect coccidia cases) but were also seen in the rotavirus infection cases (3 confirmed, 3 suspect coccidia cases). TGE was confirmed in 12% (8/67) of the control cases but none (0/67) of the rotavirus cases in which it had been sought by the diagnosticians. There were 2 suspect TGE cases among the rotavirus cases and 5 among controls.
The only bacterium consistently identified with the diarrheic swine was Escherichia coli (Table 1 ). Only 2 of the 145 E. coli isolates were designated as enteropathogenic as determined by serotyping for O, H, and fimbrial antigens. Relatively few other potentially pathogenic bacteria were cultured. In 11% of rotaviruspositive cases and 12% of rotavirus-negative cases, no pathogenic bacteria were isolated. Epidemiological variables. All cases had been submitted for diagnosis of enteric disease. Signs of illness were recorded in 84% (81/96) of the rotavirus and 89% (78/88) of the control case histories. Diarrhea was specified in 91% (74/81) of the rotavirus and 97% (76/78) of the nonrotavirus case records. Similar rates of fever (14% vs. 9%), emesis (7% vs. 6%), and cough (3% vs. 1%) were reported in the rotavirus and matched control histories, respectively. Abortion was reported in 2 rotavirus-infected herds, and mastitis was reported in 1 nonrotavirus infected herd.
The crude morbidity and mortality data of the pig herds from which the cases originated are presented in Table 2 . These data were derived from the herd size, number sick, and number dead responses provided in the case records by the submitting veterinarians. Sixtysix percent of rotavirus and 65% of control case records included herd size information, 56% and 55% reported morbidity, and 50% and 51% reported mortality. Age structure of herds could not be ascertained from the submitted data.
Morbidity was ≤ 9% during 1987 and 1988 in 25% of the rotavirus herds and 7% of control herds, whereas morbidity rates ≥ 90% were reported in 23% of control herds and 7% of rotavirus herds. The differences at each extreme were statistically significant (Fisher's exact test, P = 0.002). Mortality was generally < 20% and was most frequently < 10% for both rotavirus-infected and control herds. The morbidity and mortality rates were significantly lower for rotavirus-infected than for control herds.
The case fatality rate for rotavirus-infected herds was 10% (455 dead pigs/4,595 sick pigs) but was 17% (688 dead/4,061 sick) for control herds during the period. The difference between the rotavirus and control case fatality rates is statistically significant (P < 0.01, Comparison of proportions in independent samples). 29 Among cases examined at the VDL, 40% of the rotavirus and control cases occurred in piglets 51 week of age, and 70% occurred within the first 3 weeks postfarrowing (Fig. 1) .
The seasonal curves of reported rotaviral and nonrotaviral diarrhea (Fig. 2) were highest in February and lowest in April and October. The curve of 78 random number selected nonrotavirus cases is similar to the rotavirus curve. A curve of total submissions to the VDL (total divided by 100) is also included. Typically about 42% of the total cases curve consists of porcine sera submitted for mandatory pseudorabies testing. Serology generally accounts for about 60% of submissions to the VDL. The remaining fraction of submissions, which included the piglet diarrhea cases, accounted for most of the seasonal fluctuation in the curve of total submissions. Numbers for the fractions could not be derived except with excessively burdensome manual review of records.
In terms of herd health management, 58% (56/96) of the rotavirus-infected and 65% (57/88) of the control case records indicated a vaccination history in the herds. Vaccination against unspecified diseases or conditions was reported in 50% of the rotavirus and 53% of the control herds. The pigs submitted to the diagnostic laboratory, whether rotavirus positive or negative, came largely from herds not vaccinated against rotavirus. A record of vaccination against rotavirus was indicated in 5% (5/96) of the rotavirus case herds compared to 14% (12/88) of the control case herds. Parvovirus vaccination was reported in 7% of the rotavirus-infected (7/96) and control herds (6/88).
Discussion
The results of this retrospective epidemiological investigation indicate that among the pig herds evaluated, the herds with rotavirus infection were more likely to have experienced milder diarrheic illness at rates lower than herds with other nonrotaviral enteritis as measured by morbidity, mortality, and case fatality rates. The data obtained do not provide evidence to explain the difference. The profile of other enteric pathogens was similar among herds experiencing either rotaviral or nonrotaviral enteritis. Rotaviral enteritis may cause unwanted morbidity and death, as was observed in a portion of the cases evaluated in this study. Rotavirus infection in conventionally reared pigs has also been reported to be subclinical or associated with mild diarrhea. 11, 12 Inoculation of piglets with rotavirus has frequently been reported to produce mild disease. 35 A reported case fatality rate of 8.3% for suckling piglets naturally infected with rotavirus 33 is similar to the rate observed among rotavirus herds in our investigation. Rotaviral infection may not cause severe diarrheic disease 8, 12, 13, 41 unless there is co-infection, possibly with TGE, E. coli, 4, 37, 38 or coccidia. 2,25 Concomitant rotavirus and TGE infections were not confirmed in individual cases during this study. In earlier work done elsewhere, 4 investigators found that rotavirus and TGE infections occurred simultaneously in herds with severe diarrheic disease in which mortality approached 20%. However, they were unable to determine whether there was co-infection with these viruses in individual piglets.
Escherichia coli, although prevalent in rotavirus cases and controls, was largely nonpathogenic and had no apparent role in the enteritis cases with the exception of the 1 enteropathogenic E. coli case in each group. Other studies have suggested that most E. coli inhabiting the intestinal tract is nonpathogenic except at weaning, when enteropathogenic strains may proliferate. 37, 38 When supportive lesional and case history data (not presented) are taken into account, the incidence of di- agnosed porcine enteritis cases represented by this study is comparable to rates reported for 1992 by both the central and north-central regions of the Veterinary Diagnostic Laboratory Reporting System (VDLRS) (USDA, APHIS, VS: 1993, Dx monitor animal health report). The overall incidence of coccidiosis, for example, is 12% in the Iowa cases compared with 11% in the central region of the VDLRS, and TGE is 9% versus 14%, respectively. Similarly, rotavirus infections accounted for 11%, TGE for 8%, and coccidia for 12% of porcine enteritis cases reported during 1991 by a South Dakota veterinary diagnostic laboratory (1991, South Dakota Animal Disease Research and Diagnostic Laboratory Annual report). The diagnosed cases of rotavirus, TGE, coccidia, and the other agents account for a minority of enteric disease. Normal bacterial intestinal flora without definitive pathogens are common in young piglets that were thought to have died of scours. 40 The marked rise of porcine rotaviral and nonrotaviral enteritis cases in February is notable because a similar rise was not found reported elsewhere in the literature. The rise may have been related to temperature and humidity effects, as has been shown to be the case for rotaviral disease in human infants. 7 The slight rise of total diarrhea cases in August and September was due largely to rotavirus cases and was sim-ilar to the reported pattern of enteric pig disease in Denmark. 34 The submission of porcine enteritis cases may reflect farmer priorities and convenience because the periods with the fewest reports, April and October, correspond to planting and harvest times. The rotaviral and control case curves appear to be similar to the total VDL submission curve and generally conform to the seasonal patterns for the agents of porcine enteritis reported in the central and north-central regions of the United States by the VDLRS.
The use of sequentially matched controls eliminated confounding from seasonal and weather-related production influences, controlled for other extraneous factors, avoided bias, and improved the precision of comparisons by providing homogenous groups within which the comparisons were made. The incidence curve of the separate, randomly selected sample of nonrotaviral porcine gastroenteritis cases derived from the same population as the matched cases is virtually the same as the rotaviral case curve. Thus, it is necessarily similar to the matched control curve, and the matched control cases are probably representative of the population of all submitted enteritis cases.
The quality of the submitted data in the present study is assumed to be comparable for rotavirus cases and controls because they were derived from the same reporting base in a standard statewide system. The data appear to be consistent between rotavirus case and control groups on items that would be expected to be similar: nonrotavirus vaccination histories, the number of reports providing information about the signs of illness, and herd size.
Because rotaviral enteritis cases included piglets < 1 week of age and the greater portion of rotavirus-associated enteritis cases submitted involved young piglets, the rotavirus cases may frequently have been produced from gilts rather than sows. Observation of rotaviral disease in pigs at early ages is not unusual 1, 10, 41 particularly in litters from gilts, 1, 35, 41 and has been reported to develop before day 4. 1, 41 Rotavirus is ubiquitous, 41 and colostral antibodies to rotavirus diminish to low levels by 4-5 days postfarrowing, particularly in gilts. The prevalence of rotavirus infections was 4 times higher during the first week for litters from gilts than in those from sows, 35 and rotavirus infections were present by 5 days postpartum in feces of offspring from gilts and by 21 days postpartum in feces of offspring from sows. 1 Herds with a gilt proportion above 30% had a diarrhea incidence rate of 12.3%, which was almost double the overall rate in Danish herds. 34 A striking feature observed in this investigation was the rapid reduction of rotaviral and nonrotaviral enteritis morbidity during the first 2-3 weeks of life. Rotaviral illness displayed a relatively lower incidence in the first 3 days but then rose to the rate of the non-rotaviral illness before falling in tandem with it (data not shown). A higher incidence of enteritis in rotavirus infections than in nonrotavirus cases occurred from the third through the sixth week of age. The highest prevalence of rotavirus infections reported in Danish piglets was from 21 to 41 days of age. 35 The association of rotavirus infections with enteritis during this period corresponds to the field perception that rotaviral disease occurs prominently during the first few weeks following farrowing and then again near weaning. Because rotavirus cases represent a small portion of all piglet diarrhea illness, the early occurrences may be overshadowed by other causes.
The major benefit of this investigation of electropherotyping was detection of non-group A and some ELISA-missed group A rotaviruses. Rotaviruses have been classified into serogroups based on presence of group antigen. Rotaviruses of four groups, A, B, C, and E, have been detected in swine. These rotaviruses also have unique electropherotypic patterns, often referred to as the electropherotype. The advantage of electropherotyping and electron microscopy over the commercial ELISA test a is that they detect rotaviruses of all groups. The advantage of electropherotyping over electron microscopy is that rotaviruses of different groups can be differentiated.
Electropherotyping detected 29% more rotavirus cases in this study than were identified by ELISA because of the presence of group B or C rotaviruses in these samples, which lack group A antigen. Also, there may have been group A rotaviruses present that have a low degree of homology with strains against which antiserum was prepared for the ELISA kit.
The true number of rotavirus and other enteric pathogen exposures remains unknown in retrospective investigations such as the present study. Rotaviruses were detected in 30% of nondiarrheic piglets in Denmark 35 and have frequently been reported as common inhabitants in the feces of healthy pigs. 10, 13, 23, 41, 42 Because our investigation included clinically ill pigs only, we cannot report rotavirus prevalence among nondiarrheic pigs. Participation of veterinary diagnostic laboratories in the epidemiological prospective investigation of rotaviral and other porcine enteritis wherein scientific control of study variables occurs is encouraged. reviewer; and Eldon K. Uhlenhopp, Director, Production Animal Medicine, Department of Veterinary Clinical Sciences. This study was funded in part with grants from the 20. Iowa Livestock Health Advisory Council, USDA Formula Funds, and the Iowa Agriculture and Home Economics Experiment Station.
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